Four experiments were conducted to determine the effects of increasing soybean meal (SBM) level in diets with or without 25% distillers dried grains with solubles (DDGS) on growth performance of nursery pigs raised in university or commercial facilities. Treatments were arranged in a 2 × 3 factorial with main effects of SBM (27.5, 32.5, or 37.5% of the diet) and DDGS (0 or 25% of the diet). A total of 296, 2,502, 4,118, and 711 pigs initially 23.2, 25.7, 27.5, and 27.1 lb body weight (BW) were used in Exp. 1, 2, 3, and 4, respectively. There were 10, 16, 13, and 12 replicates per treatment in Exp. 1, 2, 3, and 4, respectively. After weaning, pigs were fed common diets for approximately 21 d. Then, pens of pigs were assigned to treatments in a randomized complete block design with BW as the blocking factor and experimental diets were fed for 21 d. Pigs were weighed and feed disappearance measured to calculate average daily gain (ADG), average daily feed intake (ADFI), feed-to-gain ratio (F/G), and caloric efficiency (CE). Pigs used in all experiments did not undergo major health challenges during the experimental period and due to the low number of mortality and cull events, statistical analysis was not performed on these variables. The average cull rate was 0.7, 0.5, 0.2, and 0% and the mortality rate was 0.7, 0.3, 0.4, and 0% in Exp. 1 to 4, respectively. There were interactions (P ≤ 0.031) between SBM and DDGS for F/G and CE in Exp. 2 and for ADG and ADFI in Exp. 3. These were mostly driven by increasing SBM negatively affecting performance in a greater magnitude when diets contained DDGS compared to diets without DDGS. The main effects of DDGS and SBM were more consistently observed across experiments. Pigs fed diets with 25% DDGS had decreased (P ≤ 0.001) ADG and ADFI in all experiments as well as poorer (P ≤ 0.025) F/G and CE except for Exp. 3. Feeding increasing amounts of SBM generally did not result in any major impact in ADG, but consistently improved (linear, P ≤ 0.078) F/G and CE across experiments. The mechanism for this response is unclear but could be driven by intrinsic components of SBM, such as isoflavones, or by underestimation of SBM energy value.
Summary
Four experiments were conducted to determine the effects of increasing soybean meal (SBM) level in diets with or without 25% distillers dried grains with solubles (DDGS) on growth performance of nursery pigs raised in university or commercial facilities. Treatments were arranged in a 2 × 3 factorial with main effects of SBM (27.5, 32.5, or 37 .5% of the diet) and DDGS (0 or 25% of the diet). A total of 296, 2,502, 4,118, and 711 pigs initially 23.2, 25.7, 27.5, and 27 .1 lb body weight (BW) were used in Exp. 1, 2, 3, and 4, respectively. There were 10, 16, 13, and 12 replicates per treatment in Exp. 1, 2, 3, and 4, respectively. After weaning, pigs were fed common diets for approximately 21 d. Then, pens of pigs were assigned to treatments in a randomized complete block design with BW as the blocking factor and experimental diets were fed for 21 d. Pigs were weighed and feed disappearance measured to calculate average daily gain (ADG), average daily feed intake (ADFI), feed-to-gain ratio (F/G), and caloric efficiency (CE) . Pigs used in all experiments did not undergo major health challenges during the experimental period and due to the low number of mortality and cull events, statistical analysis was not performed on these variables. The average cull rate was 0.7, 0.5, 0.2, and 0% and the mortality rate was 0.7, 0.3, 0.4, and 0% in Exp. 1 to 4, respectively. There were interactions (P ≤ 0.031) between SBM and DDGS for F/G and CE in Exp. 2 and for ADG and ADFI in Exp. 3. These were mostly driven by increasing SBM negatively affecting performance in a greater magnitude when diets contained DDGS compared to diets without DDGS. The main effects of DDGS and SBM were more consistently observed across experiments. Pigs fed diets with 25% DDGS had decreased (P ≤ 0.001) ADG and ADFI in all experiments as well as poorer (P ≤ 0.025) F/G and CE except for Exp. 3. Feeding increasing amounts of SBM generally did not result in any major impact in ADG, but consistently improved (linear, P ≤ 0.078) F/G and CE across experiments. The mechanism for this response is unclear but could be driven by intrinsic components of SBM, such as isoflavones, or by underestimation of SBM energy value.
Introduction
Soybean meal (SBM) is the primary plant-protein source for swine diets in the United States. The amino acid (AA) profile of SBM is highly digestible and complements major dietary cereal grain AA profiles, such as those of corn and wheat. Moreover, the processing techniques to remove SBM antinutritional factors are well-described and consistent. Additionally, research suggests health benefits when feeding high SBM levels. Trials with nursery (Rocha et al. 3 ; Rochell et al. 4 ) and finishing pigs (Johnston et al. 5 ) infected with porcine reproductive and respiratory syndrome (PRRS) suggest health-challenged pig growth performance is improved by feeding high SBM levels. Although the mechanisms are not fully understood, it is suggested that SBM bioactive compounds, namely isoflavones and saponins, may be involved in this response.
Distillers dried grains with solubles (DDGS) is a co-product of the ethanol industry widely used in swine diets. It is generally accepted that 30% DDGS can be included in late nursery diets without significantly compromising growth performance, although factors such as fat and fiber content and mycotoxin levels must be considered. Diets today are frequently formulated with increasing DDGS amounts and increasing feedgrade AA replacing intact protein sources such as SBM, which typically reduces diet costs. However, given the potential benefits of SBM, a minimum amount may be desirable. We hypothesize that using SBM may be especially beneficial for pigs raised under the rigors of commercial conditions with different health statuses. Therefore, the objective of the current study was to determine the effects of increasing SBM in diets with or without DDGS on growth performance of 25-to 50-lb nursery pigs across different environmental conditions.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol used in these experiments.
Samples of corn, SBM, and DDGS were obtained from each location and submitted to the Agricultural Experimental Station Chemical Laboratories (University of Missouri-Columbia, Columbia, MO) for total AA content analysis prior to diet formulation (Table 1) . The total AA values for corn and SBM were multiplied by NRC 6 SID coefficients and used in diet formulation. Corn, SBM, and DDGS were analyzed (Ward Laboratories, Inc., Kearney, NE) for dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), and ether extract. Samples of DDGS from each location were analyzed (North Dakota State University Veterinary Diagnostic Laboratory, Fargo, ND) for mycotoxin concentrations (Table 2) .
Representative diet samples were obtained from each treatment within experiment and stored at -20°C until analysis. Samples were analyzed (Ward Laboratories, Inc., Kearney, NE) for DM, CP, Ca, P, NDF, and ether extract.
A total of four experiments were conducted, one in a university facility and three in commercial research facilities. In all experiments, pigs were weaned at approximately 21 d of age, placed in pens based on initial body weight (BW), and fed common diets for approximately 21 d. On d 21, which was considered d 0 of the trials, pens of pigs were allotted to 1 of 6 dietary treatments in a randomized complete block design with BW as the blocking factor. Treatments were arranged in a 2 × 3 factorial with main effects of SBM (27.5, 32.5, or 37 .5% of the diet) and DDGS (0 or 25% of the diet). The increasing levels of SBM were obtained by changing the amount of feed-grade amino acids and corn. Diets (Tables 3 to 6) were formulated to contain the same net energy (NE). The NE value for DDGS was estimated as a function of the oil content. The NE of SBM used in diet formulation was 88% of corn NE (as-fed basis) or 1,067 kcal/lb NE. There were 10, 16, 13, and 12 replicates per treatment in Exp. 1, 2, 3, and 4, respectively.
Experiment 1 was conducted at the Kansas State University Swine Teaching and Research Center (Manhattan, KS). A total of 296 pigs (DNA 400 × 200, Columbus, NE; initially 23.2 lb) were placed in pens of 4 or 5 mixed gender pigs each and used in a 24-d trial. Pens (5 × 5 ft) had metal slatted floors and were equipped with a four-hole stainless steel dry feeder and a nipple waterer. Experiment 2 was conducted at New Horizon Farms Nursery Research (Pipestone, MN). In Exp. 2, 2,502 pigs (PIC 337 × 1050, Hendersonville, TN; initially 25.7 lb) were placed in pens with 24 to 27 mixed gender pigs each and used in a 21-d trial. Each pen (12.1 × 7.5 ft) had plastic floors and was equipped with a six-hole stainless steel dry feeder and a pan waterer. Experiment 3 was conducted at Hord Family Farms nursery research facility (Bucyrus, OH). A total of 4,118 pigs (PIC; 337 × 1050; Hendersonville, TN; initially 27.5 lb) were used in a 21-d trial. Two pens sharing a fence line feeder were considered the experimental unit and had 48 to 54 mixed gender pigs each. Pens (8.9 × 7.5 ft) had plastic slatted floor and were equipped with a double-sided five-hole stainless steel feeder and a cup waterer. Experiment 4 was conducted at the Cooperative Research Farm's Swine Research Nursery (Kalmbach Feeds, Inc., Sycamore, OH). A total of 711 pigs (PIC; 380 ×1050; Hendersonville, TN; initially 27.1 lb) were placed in pens with 9 or 10 mixed gender pigs and used in a 21-d trial. Each pen (6 × 5 ft) had slatted metal floors and was equipped with a four-hole stainless steel dry feeder and a nipple-cup waterer.
In all experiments, pens of pigs were weighed and feed disappearance was measured weekly to calculate ADG, ADFI, and F/G. Mortality and culls were recorded daily. Caloric efficiency was calculated by multiplying ADFI by kcal of NE per lb of diet and dividing by ADG.
Data were analyzed as a randomized complete block design in a 2 × 3 factorial treatment arrangement. There was significant treatment × experiment interaction, thus each experiment was analyzed separately. Single degree-of-freedom contrasts were constructed to test the linear and quadratic effects of increasing SBM and their interactions with DDGS. Block was included as a random effect and treatment as a fixed effect.
Pen was considered the experimental unit in all experiments except in Exp. 3 where two pens shared a feeder, the feeder was considered the experimental unit. Data were analyzed using the GLIMMIX procedure of SAS 9.4 (SAS Institute Inc., Cary, NC). Results were considered significant at P ≤ 0.05 and a tendency at 0.05 < P ≤ 0.10.
Results and Discussion
The analyzed total SBM AA concentration was similar across locations and the values were comparable to those in NRC. 6 The corn AA profile was also similar across locations and, in general, slightly less than NRC 6 values. In general, DDGS used in Exp. 1 had the highest AA content, and the DDGS used in Exp. 2, 3, and 4 had a similar AA profile. All DDGS sources had higher total AA content than the values reported in NRC, 6 especially total Lys. The DDGS sources had variation in fiber and oil content, thus the NE estimates were different for each source. The differences in ingredient composition across locations were accounted for in diet formulation and are not expected to have influenced the outcome of the study. The analyzed dietary CP, Ca, P, and NDF were consistent with formulated values (Tables 3 to 6 ).
There was variation in mycotoxin content in DDGS across locations ( Table 2) . The DDGS used in Exp. 1 had significant concentration of deoxynivalenol (DON) and total fumonisin, 1,047 and 6,347 ppb, respectively. Similarly, the DDGS used in Exp. 3 and 4 had high levels of DON (4,093 and 4,231 ppb, respectively) and contained detectable levels of zearalenone (328 and 274 ppb, respectively). The DDGS used in Exp. 2 did not contain particularly high levels of any mycotoxin.
In Exp. 1, there was no evidence (P > 0.10) for interactions for ADG, ADFI, F/G, or CE. Pigs fed diets with DDGS had decreased (P < 0.01) ADG, ADFI, and final BW, as well as poorer CE (Table 8) . Pigs fed increasing SBM had a tendency (P = 0.078) for a linear improvement in F/G and CE.
In Exp. 2, there was an SBM × DDGS interaction (P = 0.031) for F/G (Table 7) . Pigs fed diets without DDGS had increasing improvements in F/G as SBM concentration increased. However, for pigs fed diets with DDGS, increasing SBM from 27.5 to 32.5% resulted in similar F/G but it was improved for pigs fed diets with 37.5% SBM. A similar interaction (P = 0.031) was observed for CE. There was a tendency (P = 0.063) for an SBM × DDGS interaction for ADG, where ADG increased in pigs fed increasing SBM in diets without DDGS, whereas ADG decreased as SBM increased in diet with DDGS. There was no evidence (P > 0.10) for interactions for ADFI and final BW. Pigs fed diets with DDGS had decreased (P = 0.001) ADFI and final BW (Table 8) . Increasing SBM resulted in a decrease (linear, P = 0.015) in ADFI.
In Exp. 3, there were SBM × DDGS interactions (P < 0.05) for ADG, ADFI, and final BW (Table 7) . Pigs had decreased ADG, ADFI, and final BW as SBM increased; however, the magnitude of the decrease was greater for pigs fed diets with DDGS than those fed diets without DDGS. There was no evidence for interactions for F/G or CE. Pigs fed diets with DDGS had poorer (P = 0.025) F/G and CE and those fed increasing SBM had improved (linear, P = 0.013) F/G and CE (Table 8) .
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In Exp. 4, there was a tendency (P = 0.076) for an SBM × DDGS interaction for ADG (Table 7) . Pigs fed diets without DDGS had decreased ADG when fed 32.5% SBM compared to 27.5 or 37.5% SBM, whereas pigs fed diets with DDGS had higher ADG when diets contained 27.5 or 37.5% SBM. There was no evidence (P > 0.10) for interactions for ADFI, F/G, or CE. Pigs fed diets containing DDGS had decreased (P ≤ 0.002) ADFI, F/G, and poorer CE (Table 8 ). Increasing SBM resulted in an improvement (linear, P = 0.017) in F/G and CE.
In general, pigs used in all experiments were healthy and did not have major health challenges during the experimental period. The average cull rate was 0.7, 0.5, 0.2, and 0% and the mortality rate was 0.7, 0.3, 0.4, and 0% in Exp. 1 to 4, respectively (Table 9 ). Due to the low number of events, the statistical analysis for cull rate was not performed and only descriptive statistics are presented.
The reasons behind the benefits of feeding higher SBM diets to pigs are unclear. One of the modes of action could be explained by the presence of bioactive components in SBM, namely isoflavones and saponins. Isoflavones and saponins have been reported to have anti-inflammatory, antioxidant, and anti-viral properties as well as the ability to modulate intestinal permeability. However, the known available research shows uncertainty regarding the effects of isoflavones. It appears that isoflavones could be more beneficial when fed to health-challenged pigs, but results are also inconsistent. Iowa State University researchers observed improvements in performance of PRRS positive pigs driven by increasing isoflavones, but mostly during periods of peak viremia. Conversely, researchers at the University of Illinois evaluated diets with or without supplementation of isoflavones for PRRS infected nursery pigs and found no improvements in growth performance, although some immunological changes were observed.
A consistent finding in our experiments was an improvement in G:F and CE as SBM increased. Yet again, the reasons for these responses are unclear as they could be driven by the intrinsic bioactive components, but also by an underestimation of the energy value assigned for SBM. Under-or overestimating NE can be detected if pigs fed diets with increasing amounts of a test ingredient present differences in F/G or CE. Our findings suggest that the energy value assigned for SBM could have been underestimated. The NRC 6 NE estimate for SBM is 947 kcal/lb or 78% of corn NE. Our diets were formulated with 1,067 kcal/lb or 88% of corn NE and balanced for NE. Therefore, this suggests that the NRC 6 considerably underestimates the NE value of SBM and this has important ramifications in diet formulation as it increases the value of SBM.
In conclusion, increasing addition of SBM from 27.5 to 37.5% of the diet did not result in major changes in ADG, but consistently improved G:F and CE. The underlying mechanism for this response is unclear but could be driven by intrinsic SBM components such as isoflavones or by underestimating SBM energy value.
Brand names appearing in this publication are for product identification purposes only. No endorsement is intended, nor is criticism implied of similar products not mentioned. Persons using such products assume responsibility for their use in accordance with current label directions of the manufacturer. A total of 4,118 pigs (initially 27.5 lb) were used in a 21-d trial with 48 to 54 pigs per feeder (experimental unit) and 13 replicates per treatment.
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A total of 711 pigs (initially 27.1 lb) were used in a 21-d trial with 9 or 10 pigs per pen and 12 replicates per treatment.
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